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£n exvorimenti.1 irventirniition wis mde to determine tho verice 

1 of shock shave and extovws of subsonic region behing the soc. 

@ve with an-le of attack for a 7° cone ot various ine: swmbers. Tho 

erest wes centered on those (hel ‘vrabera wich prodieed devach= 
el: waves or Cor which cho nosaibilic: of detachmont ot anclio of 

attack existed. 

The teate wore conducted in the GATT 2.5" Superesnics | iid 2 oniel 

% Quvles of attad: of 09, 8°, 6°, 9°, 22°, and 25° and “ach immbers 

of 1.452, 1.944, 1.504, 1.957, 1.980, and &.01. 

it wes found that, with inoreasin: anglo of attndk: and somste it 

mimbor, the subsonic region bolind tho shock wave increased 4 tho 

lower portion and decresse?é in the uopor vortion. With inereasine “Ac)) 

the subsonic region decroised for all unjles of atwack.  Urtere 

bea@reon the upper and lower portions of tho shoek: wave erfocts 

the subsonic region behind tho wave, summwosauy its appearanco oO tho 


uppor susface, roterding itc aise »ers.ce fra: the lower ouwlitce. 
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se thooretical inqiiry into the flav arowmd a solid cao af: & 
ancle ef ettacir movin, wit? co velocity groater than thet of sound, 

Mee not advennod to a voint where tho »ehavior of She shoer wives can 
pe proedictod as the econo eysle of attack is veried. 4s « mttor of 
fact, or iy Smo cheea imve so fur dco found where the notion of a 

(aa at ovpersonic spoed an throeeedimensions car, without odjoction lo 
Ginplifieation >be discussed mthestically: the redial onvord Claw 
produced “wy c mifornly exnanding sphereg and the flor around a solid 
sone at sore anpie of attach. 

Previous investiczations, (Cf. Ref. 2 and 2), havo coverod detuc od 
80d: os .pes, presaure distribition on cone aurface, oid “ae cimers 
behind tho shoek for correspondin, eones and Mach nunoers 2% sare on le 
of attaciz. 

The intent of this investication was to detemaine axporinontally 
the ebave of the shoclt wove and agsociated charactoristics ot: sed vy 
to prosonce of a Ciiite cone at various engles of attco: in suporsonie 
flew. The detached shocks end these attached sheclka, wrere Shore 76 
4 pessiollity of deteaiment ocowrring at angle of attach, wero of 
prinery concern. -is0 of prine interest ms the sursonic Clow rocion 
behind the shock. Ono sct of nressure noasiwenentes at She awtfeco of 
the cone was talsen at a "he mmber of 1.584 for ex :lo of cttael: of 


goro and twolve dorec. 
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IZ. ROVIEMONT su sveorpiRe 


2.0 modeic swer. for ta investigetion were machined fran breaa, 
c/3' in @iumotor o:¢ ‘ad & cone amjle af 70° ix cone models wore 
used Gurin. wo eourse of toe investiretion, cacn with & presaure 
orifice located of the coniesl svpface ct var,in, cietenoces fran the 
nose. © sirotech oa: the coro nodol with dimensiom Gnd location af 
orifices is shom in rig. 1. 411 six cone models were idontical 
czce nt for te loo tion of tw mressime orifice. 

The iivesticzation was carried out im tho G@ULiT 2.5" Supersonic 
Wind Tumol, (Cf. Ref. 3). The model wes supverted by ea sting wilich 
could v0 variod in angle of cttmek fron 8° to 415°, out could now 
be ver ©’ in yew. % flexible nogsio, (Cf. Ref. 1y, wus used for Vacs 
nvavers of 1.4358, 1.544, and 1.857. For ‘ech mecbors of 1.504, 1.95, 
aad S.°1 fixed steel nuogrle blocks wore veed. In tho caso of the 
flexibte noszle, tho nozzle smpes wore determined hy Puclrott'c Mothed, 
(Cf. Ref. 4). 

Calinsntio of the test section Nech rimber wes accoriplished 7 
Q etaSic pressure s:wvey Clox: the nozzle ecnterline in comection 
with a reference stetic prossure taken cS the test sootioa well. Tho 
couterline suvcy was mde vy means of o 0.065" owtside diancter tidin 
wit, a static orifice. The tubir,, wes fixed with respect to horizontal 


and vertioul novernent but wes capable of axial movanent. In order to 





t4 


eiisinate tho measvronanrt of aacll cltn os in low pressure, take, sloy 
tne conterline of the test section, aceinst relatively hich ctnronz-aric 
mess vo, to tost section sonterlino static pressurc wes mensitod 
acainst tio reference static pressure. The reference proesurc wo also 
moasured a;ninot ctrospheric prossurcs then, by auttraoting the aicfare 
eneco botivween referonce and senterline pressures fron tho rafaranco 
pressure, tho centerline atatic prossure wes obtained. 

The model's sero anrie of attack was determined in te Sollaria, 
momer. ith the model orifice on top, preseure reedinges wore tele 
at several ex:;los of attack. The node? orifice was then aritched to 
the hottan and preasure readings wero tealen at the samo angloo of 
atteac’. i’ plot ws the mde of pressure roadings vorsus anclo of 
ettrclk. coro anzle ef attwek 16 givon by the intersoetion of the curves 
for the orifice on top and tho orifico on the botton. 

Durin, all teats the reictivo hunidity of the tummel wee hold with= 
in 0.02 to .0¢ percent ty a sllisa-cel aryor in the twmel cirot. 

Pollorin;: the colitention af the test seotion ach number and 
model angle of atime: the flow field around tho model, at ancics of 
attack fren 0° to 15° in §° inerenents, wes photographed by meens of 
ec’:liera: apperatus. 

'. preisure curvoy af the cone sirfeace was talron at a Mach mmbcr 


of 1.504 fcr ancles of attnel: of 0° and 129, (Cf. Pir. 27) 
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The shes wite avttorm:s 14 Aineiai@iioss Comm wore o8f%) ol 


eB Collearing @e@tvor. Sho rnesahives of The seliieros po. 4 
Tare projoatbed of «sank thee’ of Meors of o vhotowenlorne. . 


brero~arWar,\oe wes adjusted sco thes the damoter of tac wedol Ta 
oynd co: ¥f oo onc on the esoleutod cawlo, end 6.0 coc: Lave 
PascOra GS tmuced of ¢-FRDD paper. Tho sirock wowo TMA Sear ws Por 
Several ancles of atiad:, fer qe portlculer Uineh nihbor, wero supcre 
imposed on the eane sheet. This procedire wes followed for all (0 
nunbers. The sano procedure was Gleo followede in obtaining cho 
shock wave pattarns fer 012 cineh maabere at a pertioular anjjio of 
ettack. Theee tracings wore used to obtain the final dinonsionioss 
curves. By use of thig mothod it was lomnd to minimize, in so fer 

as pessible, crrors associated with transcribing the shoo wove 


patterns to dimonsionloas cocrdim:tos. 





i principal results aro oresonted es ainencionless plas of 
See Bloch move mttorma vietted reletive to the come axis rather tim: 
to tie Sloe? direction. Tho first series of plote are at constant co’ 
maabere with: cele of cttnel varying, (Cf. Migs. E to 14) Tr seeard 
eeries are 0% comatent anglo of attack with Seok num>oro ror, ing, (GF. 
Paige. 15 to 25,. A third mothod of presentin the roailte is tc ‘somibe 
Gien of the lceai Mach nwabver directi: being the shoals in tho gubseric 
Posion for each “Boh mmbor and ale of attcek, (Cf. Torles | to Vy 
Proa these teblos, the position at whial the liaceh nunbor beiind the 
shock wave Seoones sonics and the vesition of the nomml shod: wig obtains 
od. This data was indleeted on the shook weve plots, wicre tose points 
wore of intorent. 

4, gurface preasure sizvey was talcen ovar both uppar and lower coe 
surfaces 0% © Hach number of 1.554 for an los of attac: of 9° and 10°, 
(Oh. Pip. 1 and Fig. 27 4 

Pig. 2 defines tho symbols wee in tho grantieal end tavisr 2e= 
soxtatio of tho results. 

The dimensionless form a? tho shool wove petterns wes ofan x 
usin, the scone diemeter ao tho cluracteriatio dimongim. CTrbicular 
atte@rtion was given in ovteinin, tho shock wave pattern aimpa nar the 


nese of the cones Bince, in the caso of varying angle of attad: avi 
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Cons re Geer, 7 tr F Lowy! rT of the 260 i 
eroe7e. tc Shic rarc'tom,. 

Ror g-e 5 weve mettorss for ceestent Wah are: shoes tre elosc 
Be ee woos ©” Se conc tine aboc’s de aot fere ¢ wiiform syrdl® Fit 
Bee. Inoresedite ir on le O& ci\rwks ac tie yeetice) eletene> fren 
woe epee eo Po come inersweace te aproa? hecemec rovwunr. ic ciso 
Cement, efor that wis! Jncraacing ivie af attrctk “ho chosk wvro 
peGeeris accocteted with the upner surftee af the coun etraichtean 22d 
AGEs aAtteehed sho: oloriucteristies, i.c¢., no subsonic gore behind 
Gepckes weelo cist aesccietec with the Aoccr Bierface trerceso in cure 
VeMero Gid cenuc toveche? cherecterintics, L.e., © subsenie some 
Doyen Guoek. This 45 nore clowwas wroxwcht out tb the Mech mmbee 
Gwever Qireotiy behind she shook. 

Mec rerictio of si:ocl: stapes with gech mumber of constant axcio 
of utimelk ore G cross-plow of te yoviously cdisci:wsed curves. ™% is 
clearly indiceted trae althow!: the lewor nertion of tho shock woves 
Sredmliy c.ange their cxurncturistics fron attached to detached, 
tiiese Ghoo-a snitinily attaciwd to the noge of the cone aprora ily 
Pawin octeched end chose initinlh detecied ramin dotachad. 

the bec ommber directly berind the shock wevo ct arn point was 
determina fron troedinensiows] eblicue shock thoory Uy mensourins che 
Giglio betwoon th shock weve onc tho flow Cirection, (Cf. Tevica i to 


Vi Je 





bt 0° anclo of attack tne eursonio eonre wes oymmotrical cit 
respect uo Ns con exis. For incrotolm anjle of ettack, at conta 
Keech moor, the exhsonic rec¢ion ivereased in the lowor Gnd docreasat 
dn the oor: portion of the flow, the rate of decrouse velne Luster 
tran che rac of increczsc. Por constant en lo of atwock an! vor iy, 
SSch Taser, toe awatonic gone decreases in both the lower and wnpor 
portiow af «he Vicar, 

fhe Ta;lorsiecvoll Thoory for comienl sheds, (Cf. Toh. By, 2 
ho used here as a tmsls of canperisom, if 1¢ in assumed: 

2. That the upper and lover surfaces of the cone may e 
considered sepmratoly. 

2. That tho ancic dotwoon the flow dlroction and tre cono 
ourfece may bo considered as the half=vertex ancle of o fictitious 
CUNGe 
Maxim flor deflection for an initial “ach “mabe, cs predicted ty 
the Taylor—®es021 Theory, is niotie?’ in Mir. 20. The condition of 
the upper and lover vortloms of to soe") rove for ouch “nell sucver ie 
presented in Tesle VII. 

Tolcins, first tho lower sock: wove mttern at cera engle of attuds: 
ead incrotcisy “ach nuabvors, the shoek weve ng dottcim! olmructorioticn 
uwibil a ‘ech munbver bewroon 1.50%) and 1.957 is ronchod. {8% aaa point 
between these Gro i aoh numbers it asaimes atbichod elrractoristios. 


This acreod with the Taylor<eecoll Thoory. The results also asree for 





Rad an lo of sttenk. “4 C9 enele of ettiack corresnomding to e trite 
vertex ax le of 42° te Taytoreiic.ccoll Theary ives cs the miniam 
Bech wee for cy avtnchod stock teve £099. Sxpertmontel res 
Seacccbe & ethasnic rojion in Gee Plov field belind the lower portion 
Of the shod. ve at 68 aarle of utteck for Mach number (0 1.357. 

Tee lowet oortioh of ti shock weve ct a Mach metber of 1.975 Aeos 
nos Meto & Bihbgoric regions thus, it esas etiached charactcristice. 
& 6ubsoiic vegign, Selind the lowor cortion of the ahock move, “or © 
Marci: nave af 1.93C doen not onneer umbil en ancle of attuel: at 9° 
is reevied. The subsonic rogion behind tho lever vartion of tho shoai 
wavo Drerocee with increasing anole of atineck. 

For a Mooh mumber of 7.01 the conieal noes thoory predicta tint 
shook detecim ts will coco rm at a holfevrertex eno of eaething loss 
than 50°, corrospondin to an ancle of ettae!: of loas than 15°, law 
Over, os a ar, lo o: 9 tic: of 13° tho shoe's were etill in.4 atteehed 
Caractoer istics. 

Sa@teiccrine tie “ppor shock, for which this fithitiom he lfevaerten 
Omit cf coc conciderod’ og decresain;: with ancle of attack, expcrinentel 
Teese 2Miomsco tIMt thc aebecnio rujions, if initdall;, present, aia 
moe Ciowppcr fer the range of tnjlea of Cttycir Investiratcd. Tran the 
cogtcal siiock theory at on arcloe of . tinel of apprceimrtely C° the choelr 


U oul? becane atiachex’ £ the (ae pu her: Ueor ecodldare Ticme 
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et 


f Pp 7 4 


Be 0 reas DT ine haere Ase saigi, 7+ 3@ orléng: (ot Laem 
SGGees Docers Devrves Ho? wroer Gi? leer portion of Uc Gat were 
Se Meies SS cttedk. Tuc inveract'on ¢ hese Ot  Qlatpge@etorc W “Ik 
eas weptor Cehine “re -gRer elor’ turd to lac delorre” i tt eso 

Y nee 


Gent, (26 digapoeerané> 0° the sniperamic rey ton oclie che Lower 


Oe wero ©&@ Vre anlc of ctimck is increened. 


aw 
4 
3 


Tee pressure mersuraconts for 2 dotachod ehoar, ab a “mes 
er le 4, “wero redserd to Or aac dironeioml forms Py’ y's 2’ ot 
ihe reservoir gpreesure Daliind Poe slice’: ware ut toe Lop a So comm. 


Presti~we “ietsurenente were &.70on 07 Rot) comer and Agecer sort ccs 4 


6° aw 12° cor-les of attact. 


She plots at constest Yoc asber ond voryin: an,1e of” cthae™, 
foe Gch the shock weves are detoane’, *tadiecte thet evinguada 


£0M beliind the shod: wave is decreased with em le of atixek. 





Bie Sollewin: conclusions can be drom fron the rosults of this 
imvesc. otions 
Ze At ungic af attack there 1s ca dofinite intorection 
peewee tie unper and lawer portions of thio shod: wuve. 
fe tho shock wuvo if initially aettaciwd to tw cone raxin=e 


od atiached ever with the appearance of mizod flow bend the shock, 


for the range of an-leos of attaci: tosted. 
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he Vatermiwtinn of oem number in test sections 


0, fie reservoir weasio 

», roference wll stetic orifice prcasure 
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Mn - SO -e Paleranen Droenéure 

& nerzcla conterline atotie orifice nreasize. 


Mesnitce eerwerston Lacterns 


tom. acetylene totranronido ~ .2185 on. hy. 
1 on. silicone = 0005 ak. ly 


Yre 


Y Boo 





a a 
Crifice rosition 1.9" 

Yo. 105-0 cm. acetylene tetrabromide 
Ry 95-5 om. acetylene tetrabromide 
"o, - °.7 om. acetylene tetrabromide 
Flea (Dae = Pa/ 2.12 om. he. 

DLP LOGEr 74037 om. he. 

Vg 72.45 om. he. 

Dy, ve eAS om. he. 

Do : 2°9.G om. he. 

o 
cae Pee 56045 om. he. 


Po 1. iz cm. hg. 
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Pol, (0+ «2007 

Ms 69.6 om. silicone 
De 64.90 om. silicone 
Ra = Py ~.G em. silicone 
09605 (p= p, oo239 cm. hp. 
0695 (p. = p/p, =. 00857 

p,/p,, 222 

K 1.564 


R. Boserminesion af »/P Ps 2 u* 1.504 


D, + eirfc.ce prosdire an cone 

net “ pesorvoir pressure Delind norav.i 20d! 
fry 1 °6 = Yo 

+ 4s} Ge = pee 

a & fi? 

‘ed © “oO oO 


Pp/8, wee found 4n tic aane wey as in tho dotor sewn 


of the “Mach mrocr. 


po/ P, e601 
N/?,? Bebo 
Pe Po : 055 
x' can?” 
‘ oon. 


xt fF ; 0 79 











a= 0° ca 5° 

ioper and Lemer Upper Leprosy 
r/p ey ¥fp % t/o Ny 
0 0730 9 0 9 s) ° 736 
on 07D 02 2008 09S 0738 
4 0 S05 0% G65 oc 0769 
0G ° O68 06 o 585 of evle 
03 2905 aie) 0 08 06 2565 
1.9 o HE 0 0 JD of ° 90 
1.2 0974 1. 1.00 1.0 0 927 
bed - 999 1.2 958 
2-41 1.990 i.% ° 992 
1.47 1,000 
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‘cortt inuod , 


wy 
L 


M = 1.438 











6 ofhu C ° 745 t 0 THO 0i® 
o 0 KS 00% = 755 ou - 885 009 0 
o& 2 835 of 2 769 0 23% eo rte 
of 0 220 04 8k? of ° 920 a4 ° 795 
e's oS, 06 « SEN oJ 2 955 «6 0 S45 


eG 2 899 oS 0909 1.0 0 Pas) PES STe 
2.00 1.0 1.9 2 304 1.902 2.090 16S o 862 
1.2 2 969 oe OO 
1.4 o 985 1% 4° 


1.53 2.00 265Ry 1.1 
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M = 1,438 
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4 aa fen Ale 
y if ) v a ES 4 
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4 s ie #) e wan) v ° Jee ¢) e UhE 
o- o os « fou oe oI IN odes e sow 
ow om K € e. e 7 e * e a e.. ° 25 

e oe m es ont ae oc 0085 . e 
q% LF e.- Pw iy e SO 1.04 » eof SU 
e nD 2.04 *. e ' oe ow ole 
teu om. ee ewe 
e o HE ine ods 


re 
e 

> 
e 

a> 
G 
ir 
ts 
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7 
e 

w 
~ 
GR 


1.44 Lok, a, Oe 2.90%) 





Wy 

















og e = 3° 
Taper and .<7er Uypew Lower’ 

Fay “% ¥/d Me ¥/0 Uy 
0 0895 0 » 700 G 0 70% 
of 0 C53 02 ° 828 002 PISE)S) 
o& oO? a e 8690 of ae £e) 
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